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'^Thirpaper proposes the Half Symbol Multi-Carrier Code Division Multiple Access (HS-MC-CDMA) 
which is modified the Half Symbol Multi-Carrier Modulation (HS-MCM) scheme to increase spectral 
efficiency in comparison with OFDM (Orthogonal Frequency Division Multiplexing) modulation. This HS- 
MCM scheme which we aheady proposed in the paper [4] makes OFDM symbol length shorten Half 
symbol size Furthermore, the HS-MC-CDMA is modulated after Walsh-Hadamrd coding of even 
subcarriers demodulation and odd subcarriers demodulation separately We show that the HS-MC-CDMA 
has better performance than the conventional OFDM system under BPSK modulation on each sub-carrier 
key words OFDM, MCM. OFDM symbol, MC-CDMA 
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[ Summary] 
[Object] 

An object is to provide a modulator and a demodulator 
capable of reducing multipatli disturbance without inserting 
10 a guard interval in an OFDM modulation sclieme . 
[Structure ] 

In a mapping section 1, complex data is formed from 
transmission data. This complex data is divided into two 
sequences. The two sequences are respectively assigned to 

15 even-numbered orthogonal carrier and odd-numbered 
orthogonal carrier, input respectively to an even-numbered 
carrier IFFT section 3 and an odd-numbered carrier IFFT 
section 4, subjected to inverse fast Fourier transform by 
taking an OFDM symbol as the unit, and transformed to complex 

20 data on the time axis. In a demodulator, complex data of 
the even-numbered carrier on the time axis subjected to 
digital modulation is made to have a waveform obtained by 
removing a waveform of a former half in an OFDM symbol interval 
and interpolating the former half with the same waveform 

25 as a waveform of a latter half. Complex data of the 
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odd-numbered carrier on the time axis subjected to digital 
modulation is made to have a waveform by removing a waveform 
of a former half and interpolating the former half with the 
same waveform as a waveform of a latter half inverted in 
5 polarity. 

[Brief Description of the Drawings] 
[FIG. 1] 

Fig. 1 is a diagram showing an embodiment of an OFDM 
10 modulator according to the present invention. 

[FIG. 4] 

Fig. 4 is a diagram showing an embodiment of an OFDM 
demodulator according to the present invention. 

15 

[Description of reference numerals] 

Irmapping section, 2 : serial-parallel conversion 
section, 3 : even-numbered carrier IFFT section, 
4 : odd-numbered carrier IFFT section, 5, 6 : parallel-serial 

20 conversion section, 13 : fir st oscillation section, 14: first 
phase shift section, 25:second oscillation section, 
26:second phase shift section, 42:second oscillation 
section, 43:second phase shift section, 46:first 
oscillation section, 47: first phase shift section, 50, 

25 57 : serial-parallel conversion section, 61 : even-numbered 



2 



carrier FFT section, 62 : parallel-serial conversion section, 
63 : odd-numbered carrier waveform processing section, 
64 : odd-numbered carrier FFT section, 65: inverse mapping 
section , 

5 

[FIG, 1] 



1 Mapping section 

2 Serial-parallel conversion section 

3 Even-numbered carrier IFFT section 
10 4 Odd-numbered carrier IFFT section 

5 Parallel-serial conversion section 

6 Parallel-serial conversion section 



©Transmission data 
©Transmission signal 

15 

[FIG. 4] 



50 Serial-parallel conversion section 

57 Serial-parallel conversion section 

60 Waveform processing section 

20 61 Even-numbered carrier FFT section 

62 Parallel-serial conversion section 

63 Waveform processing section 

64 Odd-numbered carrier FFT section 

65 Inverse mapping section 
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©Received data 
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[0007] UlSfi, QPS K^p:^^<Dv^^//"KyU-v' ^ 40 

M^^^^^m-r^mmmx^^^ m^. 4 st^v-^^/j^/u 

SJiv-VTjtVw-iD^acOJf^^.^., 4 6 tlv'>'7j<yU'(7:)|^4CO 
QP S K^ffil^f::^'§^<^)ffi^7'— ^5^^. J[^T. QP 

^itT^-^Sk ic>Pi-i^::Lx. ¥^i<7>W5:R±<50 4 



*^^^8-9 7 7 9 8 

4 

-^O (Sk , Sk + i ) {ClS^pDtl. Sk tJ^QPSKv^V 
TKVuQk cOPtili (i) (DmWACy^lit^l.. Sk.i ;6>QP 

sK'>v7KyuQk coii[^# (q) (omm^mtt^ir^, ^ 
(Dm^. mmv"—^ (o, o), (o. (i, 

0) . (1. 1) (CSt^E^LX. ^tt^'tL. v'>':1^VU6Q|g 
1<7)J^^.^.4 3. m2coM^,.^.4 4. |?3(^m;!^..^4 
5. 1^4 cdM1^,'^.4 6 ^^t^-TQ P S Ki/>-/J^/UQk 
tti;^^ix-6o QP SKv-^^Ji^/UQk f^, ^^X^t>^fh 

Qk = (l/'/"2) [ (l-2Sk ) + (1-2 
Sk*i ) ] 

^\^X, 2 0 OCO^/y Tyi^/c^Q P S Kv^^.i^yi^Qk = 

(Qo.Qi.Q2. ■ • Qi99 ) ii, HM^iJig^ 
^(5 8i{::j:oT20 OOt&^'jT'c^Q P S K v'>'aK/i-, 
Qo.Qi.Q2. • • Qi99 (C^i^^n. loco 

0 F DMv^>'3i</U'<h /c^ 6o 

[0 0 0 8] I F FT^8 2C0y^u :i^f;j:, i^DFT, 

iia. IF FT. -r?^^t>*^s y ^ 

asm^i^i^ffi^n^o LE3:^^^yTm-^(7)^^2 0 0 i:i- 

6^^. :i(Oig.iy.±X2(D^^mt^j:^ 2 5 6(7:)m^7i^ 

i^^'iX't:±. 2 5 62K^>'hcf3 2 0 0/}^-f ^'htClQPSK 

v-VTjf/uQk^fJifp^-r. 59 5 6 zK-r >- h ^/^^-r 

5QP SKi/>/itVHiO <^ L. 
K v- > /K y ^ ;b D X. lb tt 6 o 

[0 0 0 9] m9n. v^^cDU^^^ y rc^j^2Km$*± 
^r^m. 1 0 7n#=3r-\' y rft^(cxt/^r^-r'5Q p sKv- 

^/i-^m-To Ts»±' OFDMv':/7j^yKOiiimr«1l^> 

^^:b^OFDMv'>'7jtVU';^^T-^6o W-^^-Y VTit^- 

1 0 4 ti. ^'L^mmm l O 5 ^^'L^t \^X^(OiE,:^i,Z'^ 

mmiyr scDmi^mumi 0 e-c- 1 0 o/t s^^h 

1 0 O/^T s ^T«M$tLTV^6o r.iO^?ijT'{i. 

-Y V rm^- I 0 4(Dm.7^^2 0 OXh^ . ^mi^^YVT 

m^-ip4{cMmi.xmm'f—^Xh^QPSKiy:y':^ 
yUQk 10 7(i. QO;0>^Q 1 9 g^r';^^!!]^}^^^^^!. 
Tl^-So y TTi^QP SKv'>'7K/UQk 107 

fi, l^:f^t^^s i n x/x^(0;^ — >^<!:/c^ "9 . K^iS^^ 

^YVr(Dm^&^.^A:ii^\^^xo t^£^. ^m^^^vr 

[0010] |g] 1 0 (1. V^^cDii— K-r >^^-"/-<yu^U?. 

m^^mmmx^^o m^. \ os\±. iocoofdm 
v'>'7jf/uQ k \:mjt^'r^mmmM. 109 ^^fi-^av^^z-j? 
/u^r^. 1 1 ofi^r^^'^'/K/wffirBic^^gB, 1 1 uii/ 
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— K-Y ^i?'— >'</Ur'^b^o 1 OCOO F DMv-V/^f/UQ k 

^'^^jv-V/i^Vu^r^l 1 0 9 [-9cn't^:^- 
<^B#5^SiJ#^S*i. I F F T 8 2 T'<^*0i3S^<O^iE^J^m 

^>^—^^)vm^ \ 1 1 {cfij^-r^S J; ^tc:;^/— hV^-^ 
-^VU^|5:^L. mpf±. Z,<DiS—Y 10 

1 1 1 ^|^< ^^^v^^/JtV^^PsI 10 9 

[ 0 0 1 1 1 EI 1 1 tie^OO F DMmilf§^|52i^-r 

12 2tiMig^. XZZW^^U. 12 4(iLPF 
35. 1 2 5(iA/D^ma5. 1 2 6 flilC^l^^lJ^miRJ. 1 
2 7tiLPFgP. 12 8flA/D^m^. 1 2 9 F F 
T^. 1 3 0 1 3 1 tii^-e :y t:°>'^^ 

-efcSo OFDMtO^ftft-^tis ^^lfI5l 2 0:fcJ:05^ 

2 1 \Z.Xf}^^. \ 2 Oi-:fcl/^T^il^lH5 1 20 

2 2(Da5;^i:^»$4x. ^ff^l 2 1 tsiiol^r^te^l 

»^tL^« 1 2 Ocom;^?^^. yN><;:7-i'/U:5^T' 

*>6LPF^1 2 4 <!r AXD^^^l 2 5^^L. Ht 
LXiiL^^lJ^^^^l 2 6{CA;^^tL^o m»^i2 
10O|±J:^fi, LPFglil 2 7 i:A/Dig«t^l 2 8^^h 

mm.^^ 12 6 (^ttj;^*^. F F Tl^B 12 9 {CA;^) ^ 

^^h.§:m^-'i^7^m^tl^o F F 12 960^0 y 
5 t»coTrfcnf^J:i^^^ il^. FFT, iiiii 
[0 0 1 2] |g] 1 1 (r^^n5t^^^<7)OFDM^i^^(0 

xfi^/^^, Siitmm^^wn 12 0, 12 1 tc^ov^ 

1S^{t-^tC^K$ix5o CtLibf^L P Fgf51 2 4. 12 40 
7 jyJ;t;«A/D^^^^ 1 2 5. 1 2 8 ^^hL. H^rp1tll± 

ft-^irtl, iiLite^iJ^m^ 1 2 6{c::^oV^T3fe^lJ{L^n. F 
FT^Oi^^l 2 9(«l4ol^T, 2 5 63if-i'>-h<7)FFTiiL 
gi;!)5ffi$ti;^^^$ilj±(7)1S^T--^--^m^tt> OFD 
Mv-V/J^Vu^t rc7)OFDMC/:/2}</Ml> l^tBUfe 
(i) 7=^— ^<!rii:3:^${l] (q) 7^'-^<!rjO^P>7^.^^1S*T'- 

OFDMv'>-7K/Uf^cr):Jt/— K'<:'^^~^<>'H 1 1 cotP^ 



i|#^^8-9 7 7 9 8 
OFDMv'>'7KVu^tlli7jc-r6m5^x-^Qo . Qi . • 

• Q199 s oiic^\,^xm:^i\m^ 

[0013] L?)^ K-Y ViJ'^^yu ill A^ 

^9MJ:0 F DMiy>7^jumm 1 0 9:;55»#fM1# 

[0 0 14] 

i^^mcx^^ yi-^m ^ nfc o F D m^p^^ 

[0 0 15] 

m(Dmmi>^i^^^xn. m^(Dm^^^ v r^mmT'—^ 

SOFDM'^i^f§{C*3l^-C, mmy'—^Mm^2^M\c 

(Dm^^^vr^cm^'^x^m^m^mi^^^t. tm^. 

etL/-c^^iJtC>Pl-L. -?:tb^*niSfrDFT^a>^tt?:ei/^S#r«1 

FT^m^%^x.n^w^^^ y rffliSDFT^s^<i:. 

2 o60iE^^ii^>£:W-r'5 r t ^^^t-r^ h(DX^ 

[0 0 16] m^m2{zum(r)^m\^^\^^xn. m^(D 

fcO F DM^m:fj^ft^i3n^OF DMmp^{CjoV^T, 

^^^^ i^ii:_3?Mp^^7)-:^^;:J:oT^#^^^5r rf 

m^±(D^m'f—^{:i^^'r^m^^^^ y rffl<7)F f 
m^(Dm^ t m cm^^-^(Dm^^^m \^xm^i,cmm 
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[0 0 17] M5^tIi3^::fe«^^50^B^fc:Jo^/^T^^. 

60ii:3^^-\'yr(cfJH9^re>tb?t^^ij(c>?tL. 

y rffli@frDFT^sa<t. mri5-eix^*n(DiSfrDFT^s 

^(7)a:i;;'3t-rm 1 o/gii^i$cco:^-r y r^m.'^^mir^ 2 

;'jtcril 2 coj^i^mcod^^ y r ^K^^^p-T^^ 2 Kf^ 
[0 0 18] M>lt^4(c:tB*fe£O^0>^{C4b'l^T^i. 1S^<^ 

i6cD^2<;)ii:^mPI§i:. f^m2cr)iE^^|^t|(cJ:oT 

^7=^— ^tc'^^fe-r'5f^ifc#=^^ y rffioF F t^s^ 
mfi5m2 6r>ii:is^pfi60fiii:frtcj:oTt#^tL^7^-< 

#i(C#^-r y rffiCOF FT^O;^^-!:. HUte 2 0<DF FT 

So 

[0 0 19] 

s<7)ii:^^-v y r <b^i^$tL/c^^#i(Dii:^^^ y r 



^m^^s - 9 7 7 9 8 

Xm^M-t^^^^-^-^th^OFUMiy^^Ti^/UCO^WM^V 5 

^^^(D5 o%tm\:^i^(D^m^\zmmLxmm'r 
So ^Hi^tL/c^^#gco^-y y r^c:ov^r^i. f^^co 
5 o%tmch(D ^m^^^m ^ ^^xwi^itcmm Lxm 
p-rs. '^/i-'^y<^mm't^nx\,^^m^<Dmm^mm 

[0 0 2 0] 

immm] nui. ^^p>^ooFDM^^:^6o-^j!fi^] 
^wim'r^m.m\mx^^, m^. in-^->'t:"v^^. 2 
tiiE^^ij^^^^as. 3 m^m^^^ y rffi I F F t^, 4 
fi-«^!gc#^-\'y rffl r FFT^p. 5, 6 fi3feii:^ij^m 

7. 8J1D/A^|^^, 9, lOfiLPFgP. 1 
1,12 fi^m^R. 1 3 1 c^^tlslfP. 1 4 1 
^tB^aS. 1 5fl;t?DS^|5. 16. 1 7Jj:D/'A^^^|5, 1 
8, 19{iLPF^, 20. 2lt^*g^. 22fi;^J0^ 

^.2 3. 2 4nmW^. 2 5ii||2(O^M0[5. 2 6 

m2co^^^i5. 2 7nMW-^x$^^o m^(Dm^^^v 
r^mm-r^tziib(Dv'-<i^^/u^m:^^t\^xn. i£M 

OtiCOT*J:i^;i^ rcOHSS^Jfi. QPSK^16QAM 

i^^/i^^m:^^i,ci-^K,XT'r^^^mij^=^m\^^^::it 

[0 0 2 1] mimv'-^n. -^y^'^^^lJiCAt)^ 

a^#lJ^i&^|5 2{::*5V^T. OFDMv/>' 
^V^tC^m^tLSo L,:^^L. ^J£^ti^#f<!:iim/^»9. mm 
y—^n. OFDMf^^v'>'4^VU. OFDM^^v^:^7K 
/UC0 2ot::»Sr|$ix-C5>Sa^tbSo OFDMf^^S/V/}? 

/HI. f^«c#ii:^:^-\' y rc7)^^tcfij«9 ^T^ti, of 
^^h. mm^'-^:^m^^xhH^j:\^^m^(Dm^j^^^]) 

TJC^L-tfl. 1S^I^O;55fiJi9^rf?tLSo OFDMf^ 
^v-^-^^Vl^f^, f^ifc^^^-^- y rffi I FFT^3{CA;'7^ 
OFDM^^v-^-TKVwfi, y rffi I F F 

f^. ^n^*noFDM'>>/j^/U'*ffiT-iSfri^iS:7--y 

y r ffi I F F 3 cDffi;/j(j;, ^lil^iJ^^^aJ 5 {CAti 

Qft-^<!r/.cSo mmic^ ^i^#^-vy rffi I FFT0P4 



9 

11,1 2tcA;':?^ti^o Ut-^(7)^^Jfi. ^^^1 1 
tsasi 4{Cj;t9||l<^^tia5l Z<D\^M^~9 Offi^tg 

1 5 ^c:^ol^T;(Jfl^^tl. I ' it^t^ji^o 

[0 0 2 2] mM.mw^n^o:>\htixtb^\m 

^<!:Q{t-^^fi. ^ti^'tLD/A^l^^l 6. \ 7\:l^ 
8, 1 9^:/hLr. ^m^[i2 0. 2 li.CXt}^tl^. I 

as 2 l^c:^ol^T. mico^te^i 4{c:j: omi ^O^H^Ii 

2com2(7)Miga52 5com:^i:^SL^tl. Q'im^ 

mw^^2 4{cAt}^ti. m2(D^m'^2 6{cx.^m 

f^^f 2 CO® 2 2 5(Dmt):^^-9 Offi^+i^tb 

/c^tO<^^S:$tL^o m»^2 3(7)ffi;^l<^:^^0|5 2 4(7) 

[0 0 2 3] HI 1 (d^^ttSOFDM^p^tJOffijf^CO- 
F'J^. QF sK^m^^xm^^-Y vr^T"'^ z^^/i^mm so 

TyUfj:QP SK>>'7t</UQk = (Qo . Qt , Q2 , • 

• Qi99 ) {Z^m^th^ iiLvlfe3?'J^i^^2tCj:oT2 
0 0(O3&^J/^Q P SKv^:x7K>'U, Qo , Qi , Q2 . 

• • Qi99 1 ooOFDMi/^^KyutC^^ 
^tt'So 1 o<DOFDMv/>^7K/^^i2o(;c>^-a• 
QkE= (Qo , Q2 . Q4 , • • Qi98 ) zIj^^/^S 40 
OFDMm^iy^i^/i^, -SiS^efJOQP SKv-^T^yU-Q 
ko= (Qi , Q3 , Qs , • • Qi99 ) ^^h^J:^0 
FDM^^v'>'7jtVK^2o(C^yU— :/5>(te>tL5o 

twOFDMfS^'>:x4tvwi, mit'r^ 2 0 0(D^^ ur 

[0024] m2n, OF DMf^^v- V7j?/U;0?fil V) ^x 
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70 

2tijiiSi^r^^Pl. 3 Sfi^^i' TfH-^{c:x^/^;;-r5QP 

i!^f|jg U^/U^^t^-To T s li. OFUMiy>7ii/U(7y'j^iB 

{::^rB^Pii2/T s (Dmmmr^^ms 2x- i 0 oyr s-/)^ 
p> 1 0 o/T s ^-eidg^tLTi^So :i(DW^\xn. 

3 0{C^/J;L-CQP S K'>'>'4</UQk 3 3H, Q0 75>^ 

Qi 9 s-^x:^m^mxhti^o ^m^^Y vm. 

[0025] msn. OF DM^^v-V/i^Vu;)^!!] 0 

4^. 3 4 {:xmm<^^^ y r«-^. 3 5 {^•i^^ii^j^st^, 3 

ii^^^Ui^^/i^^^'t. T s {i. OFDM>^>7j<VKDi|^ft 

raiRi^ ■r>'cc:b^oFDM'>>'7}f/uj^^-efc6o ^-tyr 
1/T s^^^r«iPi2/T scDm^m^ms 6x~9 9/ 

T s 9 9/T s ^T'lfig^ixTV^S^ ^(^^ijT^fi. 

^-v y T{t^3 4 60i5:;5^ 1 0 oxh^. y rm-^ 

3 4(C^^J^r.UTQP SKv/>'4</UQk 3 7 fl. QItD^i^ 

Q 1 9 9^r'75^#i»9 ^ttrvN^, ^8:7:5=5^^' y r 

$ixT:fot9. #iE^=^-vyr;0i7"Vv^:^i'/l-^E^$n^c<]: 

r/. mm^^ V T(Dmmm,^j:i:}fs\,^x 0 tf^^^ 

10 0 2 6] mm^^-^ y rffi I FFTU3(Dzfa 

-r5tiCO■r'^>i^^^'J;l^7)^ ^ifef^yx-fl. iff 

T. iS?Sii:7-yrii^|fe;6^^ffi^tLS. iH^ 

=^^y r{t^<D^m^2 0 0 i:i-sir#. ^ofSJL^ix 

2C0-<^m^/^^ 2 5 6ooM€r^-r V V^^t-^^mnm 

:7-yzii^a^;i,5^^f$tL^o wCO-mjjS^yXfi, 256 
tK-O- hct3 1 0 OtK-Y >- N{COFDM{^^'>^^7K/U^fiJ 
i^^r. ^•9co^^ N(^>Pj-fc:;i-SQ P S K v-^-zifyMi 

oi:L. rtt(c^ft:-rsii:^^^ y r^iUft L/^v\ 

(^^ffitoi^^#@(;)QPSK'>>-;jtVu^^;tjnx. r 
tL{:iJ: «9>i^j^;:-r^ii:E$S=^^ y r^QP S K^g^LT t> J: 

[0 0 2 7] OFDMf^^v-^^-^J^/Wl. f^^#^^ y T 
ffl I FFT3^C*3l^T2 5 6 jK-Y >- H X'i^iiiiS y m 
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-<^nr. m^Mm^x^ihti^ti^, -r^jit^h. of dm 

t^-SQ P S Kv-^^/J^Vu-QkE = (Qo » Q2 . Q4 , • • 

Qi98 ) <r:>m^^^(r>mMy^ (t) Ji. l!K^x*^t> 

XE (t) =Sk = -ioo 'O'^ Qk + 100 - exp (j2 

71 k t XT s ) 

fcfcL. k(i, -100, -98. -4, -2, 2, 
4, ■ • • , 9 8, 1 0 0T*$)^o 

[0 0 2 8] oFDMmmmm'r-^cDim^; Qm^ 
(D^T^mt. mmui 1, i 2. ^d»:^i s;^^^?:^^^ 

[0 0 2 91 V rm I F F TUACDy'u 

\Z.^\,^X%^mmz. ig[DFT^-r6tiOT-fetLjj!J:V> 

7)^. ^j|g0ijT'^i. I F FT;6H^^$n. 2 5 6^ 

^JT'fi. 2 5 e/K-f^- 1 0 0/K-r > h{COFDMfj§| 
[0 0 3 0] OFDM#mv-^-^VW^. y T 

ffl I FFT4^c^^v^r 2 5 btk^v hx*j£?Sii>^— y^ 

'^l&^^^tL. H#P«1lft3(Cjoit^ 2 5 6 /Jf-r > hC7):iS^7^' 

- ^ tc'^m ilfeE^iJ^i^lfR 6 t:: J; o T0#r«^tt]_L{c^ 
-<<b*L-C. mJ^\m^X\^^ti^^^. 'tf^t>t:>. OFDM 

S^v'V7K/ufr:j;orQP SK^|^$n5tfi^^#iE^^ 
ir ^) rcnnwmiLxmx^ car. ro f dm^S^^^t^' 

SOfC^^LTU^-So OFDM^^v-V/J^/U^tH 
fi)c;-r6QPSK>->^7jify^Qko= (Qi , Qa , Qs . • 
• - . Qi99 ) (Dmm^±.o:>WLmyi (t) ti, Jifc^-e^ 

XO (t) =Zk = -99 99 Qk + 100 - exp ( j 2 7C 

k t /T s ) 

fcfcU. kji, -99. -97, --.-3,-1. 

1 , 3. • • , 9 7, 9 gr-fc-So 

[0 0 3 1 ] O F DM^t^^^T^-^ CO I ft-^, Qft-^ 
fO^^^iJJi. m»^2 0, 2 1. Apm^2 2;^)^b^c^6^ 

p§g^cJb*v^r. j^ftisf i(D:^Yyrtcj:i9(i:^^p^ 

tl5o I' m-^. Q' -It-^fi:. ^^tC, ^^^152 3, 2 
4, ;(JDg:^2 7;6>^b/c^^'^i^^^C^^^.^T. ill^^Sfi:f 2(D 

[0 0 3 2] JL^±^o-^iS^'Jtc:4b'^.^-c^i. i ' ft-^. 
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Q' it-^Ji. ^^^[52 3. 2 4 , 1 t^^fs:^^ 

E^^tcjoi^^T. 2im@coii:3^'^p;65jKiL$tL6o L;i^ 

^t^h. z.(o%m,m'^(ou^^mm^tL\^xmm^^fz. 

^m.^m^'XtV.xm^(r)^^i)'^^^'h^^^ 

^'m.tL\^xm\%'r^:Lti)^x^^o ii—v-^ 

[0 0 3 3] 7^^*d\ ^^f^f^ii. r-:hai/|n]s^^g^u 

ctoTJIia-r^m^t^lfi. D/A^i^^|5 7, 8, 16, 
1 7;55^IB&$;rL. 7=^^^ v^^^/Ht^AQj^cO^mtCD/A^ 

[0 0 3 4] Ill4fi, :^^B^(7)OFDM^Si^|^(7)— HJla 
^^J^I«lP^-r'5MP.^IllT'$>^o 1^*. 4 0. 4 ui^m 
^F|5. 4 2\±m2(DmmU. 4 3 tiH 2 CO^^j^, 4 4. 
4 5{i^m^. 4 6 Jim 1 (D^tl^, A7\-±mi(Dl^^ 
4 8iiLPF^P, 4 9J1A/D^^^. 5 0 JiiE^ 
^m^n. 5UlLPFg|5. 5 2HA/D^m^. 5 
3. 5 5J1LPF^. 56flA/D^|^ 

^.5 7 ilBE^^lJ^^m^, 58tiLPF^. 59 

f^fC#^-V y TfflFFT^. 6 2 fi3feii:jij'^i^^. 6 3 

ji#m»^-v y r^&jf^MMai. 6 4 fi*^#^-\' y r 
5(? [0 0 3 5] ^mm^a. m%nA o^^xy^mm^A i 

\^Xti^n. ^^^4 OfCjol/^T. iliS^f 2CO||2<Z) 
^^^4 2(Dai;^i:^»^tb I • ^®^M 
l{Ci3V^T, IS2<0^^gi54 3 tCj: i9^20O%t!g^4 2 

coffi;':)7!i>- 9 0it^tg^tL/ct>(/:)^^S:^tL. q' 

fcOFDM^^E^§§fCj^tt^ I ' 'ft^iScttJ^Q* {t-§-{C>Ct 
^^-r^t^OXfc^. I' jf-^fl, ^m^M 4 joJ;t>'mff 
^4 5(CA;/J$lx. m»gli4 4tcjyi/>r. Jl?^^ f i (D 

-9 OS^tS^ttfct^O^^^^tL^o ^»^4 4(7)iij 
yN>^:7^yUi$?-rfe^LPF^4 8. A/D'^ 

y<:v^:7^yU'^X*^6 L P F^5 1 . A/D'^^a55 

m 1 xm.m \^tiOFDMmmm^7'—i^<7)mmu^xz/ 

^^mCyC^Jt^L. B:M?i|^m^5 0*C:fcV^-C. 2 5 67}^ 

50 ^ >- h(ofi^mmz:isn^mmj^(7:>mmT*—i^^::m^^ 
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[0 0 3 6] — ^»^4 1 coai;^T'fe^Q' {f-^ 

[0 0 3 7] ii:^5^}j^ife^P5 0COtH;^ir*fe6. 2 5 67K 

OtCiol/^T. 2 5 67K^>' hcOFFT^5fi;M?5^^S^tbj^?S 

!Ilt@$4 (i) 

(q) "7-'--^ <^;5^^/.^'5li^7^'— i^'O^^T-fo^ 
OFDM{M#:>->'4<yi-<fr/^^o i^^S^WiiiCi'^m^^T'- 
MM'f—^Q.^ , Q2 , • • Qi98 fi. MSC^iJ^Jfe 

F F T^casa^e 4 ^C:^^/^T. 2 5 6 j^^-T > h CO F F 

(i) T-'-iJ'-tff^S^^ft (q) T-'-^^hyO^b^^^^m^-T^- 
±{C:^^$tLfciS^^'-^Ql , Q3 . • • Ql99 

[0 0 3 8) 3feii:^lj^^^6 2(Cjol/>-COFDMlP^v- 

>'7K/U<^ O F DM^^v-^-Tj^/^ci: 7)5— f^fb^tLO F DM 

[0 0 3 9] 4 {ZT^^tl^^^mcDO F DM^P^O 

[0040] msn. of DMf^^#:ii:^=^-\' y r (o^^ 

?F^^IS^0^i-^lft.?^IIjT-fo-5o lil^. 7 0JiOFDM'»' 

jj^yb-Qgs, Q 1 0 ocDii[!J?^-\' yr^^tJ-Ti^?!^. 7 

1 HQ P S KC/>^7K/UQ 9 6 . Q 1 0 2 OiE^ar^ y T 
^^^-TiSff^. 7 2fiQP SKi/>'/-K/UQ9 4. QIO 

4coii:^:3r^ y r^^t)-r^6?F^. 7 3tiQp sKv-v/j^ 
/uQo, Q 1 9 8coB:^=3e^ y r^^ib-rj^jf^r-fe-s. 
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14 

0#rHlT'fc*9 1 A^ci :y hB^felT s {1. OF 
[0 0 4 1 1 QP SK^V^i^yl-Q 9 8, QIO 0 <Dm^ 

uMiy>'yr^yummc^\^^x 2mm(D^mx^^ , i ij^-r 

CT'^^^o f^^r0l{-*5(/>T. Q P S KS/>aK/UQ 9 6, 

Qi 0 2(00.^^-^ vT^mt>'rm^7 in. 4mm(o 

f&MXh^. OFDMi/^z-KyUQ 9 4, Ql04<7)[i:^ 

w UT^mt>'rmw^7 2it. emm(D^Mx^^ . q 

PSKv-^-zt^/UQO, Q 1 9 ScOiE^^i-y r 7 3^^ 

t^-r^^mi 1 2(1. 1 0 oi^seoiS?f^X'fc'9 . i^-rtt 

[0 0 4 2] fS'^COf^^#ii[3:2=^-r y TTi^QP SK^fl 

^thtz^mn. 1 o CO o F D M > /-jtvu^ r^i 1/ ^ r , 
txmm^-mc^cfj:^, ^lt. fri^#ii:3:s^-\'y tcd 

[0043] men. OF DM^^#ii:5:^H^=3r-v y r 

OlgE?P^<^Ufc^-r^aJ^P>^IllT'fc^o H^'. 7 4HQPSK 
v^V-^if/PQ 9 9. Q I 1 0(Dm.'^^-Y VT^mt^-r^ 

7 SJiQP SKv^>7nVWQ 9 7, Q 1 0 3 Oii:^=^ 
-^^ y r^^:b-r^^?F^. 7 6flQPSK'>>7jtVuQ9 5, 

Q 1 0 5^7)li:^^-^' y r^^^t^-TiSB. 7 7tiQPSK 
v-^-zi^/u-Q 1 , Qi 9 9(Dm.?^^^Dr^mi^'rm^x 
fc^oFOMv-^-Tj^/u^Fai^^t^L. mm-tmmi-^^i^ 
x^^„ 

[0044] QPSK v- V/K/b-Q 9 9, Q 1 0 1 (OU^ 

y r^mt>i'^M7 i ^-(j^^m y ht^oF 

juxn y V(o^^L^^^.^.K^\^xm'^t'ik'^txmm(D\tL 
nt^K^ir_^. mmwiK^y^^x. qp sKv'VTi^vuQg 

40 7, Q 1 0 3<Z)iE^^-\-yr^^t>-rz^?f^7 5(1. 3/i 
^COzgc?f^T'fc<9 . QP SKv^^Tf^/UQ 9 5, Q 1 0 5 CO 

«9. Q P S KT^^^KyUQ 1 , Q 1 9 9 cOiE^^-V y 

mt^'r^&m77n. i o gji^tD^^ff^x'^t). i^-rn 
[0 0 4 5] fi^(o#fc#B:5^=^^ y rt^Q psK^m 
50 itmm^^^m^mn-r^t^h. ^m.^m.^-^\')r tm 
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\-QPs K^m $ ^rz^mm±coi^w^(D^X'^ ^ o f d 

/u^ r«1 tc jo V > r . mj ^ <!: ^^ ^ i: xmw^<DiiLm ii^K^ L T 

[0 0 4 6] m^M^^u 5 0 (;)a3/;fi. mwc^m.^^ 

[0 0 4 7] mmmm.^^^ v Tm^m^mne o. * 20 

fM^#ii:^=^-\' y TfflF FTIFP6 1 , -ap3^#B:5:^=^r-^ y 
TfflF FT^6 4(-A;/3$tL. ^ut^^m t mmi^cm^m. 
i^±(Dmnm (i) T^-'-^iriE^ii (q) v'-^t^^tt^ 

^j:^mmv'—^(DM'B-X^^O F DMf^^v-v^/ujo J: 
rJ^OFDM^^v-^/K/i^^ir/^-S, ^Lr. r.i^^bf^. ^ 

K^U'^^^ 6 2 A:;^} i^ftB#,h fe] i:]ii/?(7){i:^ij?F^ 

[0 0 4 81 m^mm^^^'jrmmmm^6 30 
^'*LFFT^I5^::;}ov^r^^TLTt. ctv^ -r^^h)-^,, 
Mi.xm^{^=^ ^"—LX7b>^mmmm±(DmmT'—i^{c 

^^x^ i.x^^hmm^m-t(7:>mmT'- ^ 

[0 0 4 91 9i-Lr. ^ i 40 



J. Oe El! IB e G S a, O 3 ±^G7S 



^m^H - 9 7 7 9 8 

16 

[0 0 5 0] 

(r)OFUM^m^ioX,xjoFr>Mmm^\cxfh\^^ -^jv 
imi] ^^m(ooFx:^Mmm^o:>-m:mm^m.m-t^ 

[ma] OFDM^»v':/4^Vu?i>#i'9 ^TibtL6B:3:S=5r 
[[114] :^^5^(5OOFDMmi^^<^-^jS0iJ^ia§^i--5 

[igi5i oF-DiAmwL^m.^^^^jrcom.m^m.m'r^ 
[He] oFDM-^m#ii:^=^^ y r(5oi^?f^^|jj.0j-r^ 
[117] v^^iDOFFyMmm^^mm-r^mnrnxih 

-So 

[1119] t^3fecoii:^^-vy roi^^^$ft_b<oidB^iftp^ 
[mio] '^^(D:^—v-(i^^—^</i'^mm'r^mnm 
[mil] ^^£3fe^DOFDMma^^^t5^.p>^-r^I^ip^lllT'$? 

yrffllFFT^, VTmi FFTU. 

5. 6"-^tl^a[^lJ^ma. 1 3-*mi^^^i^^l5. i4--m 

4 2-"m2c0^tg|aS. A 3-m2(D^m^. 4 6-- 
l|l(^^^&|S. 4 7-||l<0^fBlH5> 5 0. ^ 7 -m.^ 
¥mm^. 6 l--f^i$C#^-\' yrffl F FT^. 6 2--3g 
a^'J^^^. 6 3 y Tffii&Jf^Mi^^R. 6 4 

"•^i&#=3ei' y riBF FTSi. 6 s-ig-^^^ t-^-^aSo 
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Applicant : Mitsubishi Denki K. K. 

Title : COMMUNICATION SYSTEM, COMMUNICATION APPARATUS , AND 
5 COMMUNICATION METHOD 

(57) [Summary] (There are amendments) 
[ Problem] 

When conducting data communication by using a 

10 multi-carrier modulation and demodulation scheme, it is 
aimed to prevent NEXT noise from affecting other 
communication schemes such as the ISDN, suppress delays at 
the time of data communication as far as possible, and 
increase the data transmission efficiency. 

15 [Solving Means] 

In the case where such an interval as to affect other 
communication schemes does not exist in unit time, a 
transmission apparatus transmits data by using the whole 
of the unit time. In the case where such an interval as 

20 to affect other communication schemes exists in the unit 
time, the transmission apparatus transmits data during such 
an interval as not to affect other communication schemes 
in the unit time. In the case where such an interval as 
to affect other communication schemes does not exist in the 

25 unit time, a reception apparatus receives data transmitted 



1 



by using the whole of the unit time. In the case where such 
an interval as to affect other communication schemes exists 
in the unit time, the reception apparatus receives data 
transmitted during such an interval as not to affect other 
communication schemes in the unit time. On the basis of 
the received data, data of the unit time is restored. 

[Brief Description of the Drawings] 
[FIG. 5] 

Fig. 5 is a diagram showing assignment of data to tones 
in a communication apparatus according to the present 
invention . 

[FIG. 5] 

(a) First to fourth symbols 

(b) Fifth symbol 
©One symbol (0.25 ms) 
©Synthesized wave 



.1. o Oi B f:i! zn-io o «, 03 ± s us 



(i9)H*a4*fFJt (jp) (12) ^ §i ^ ^ (A) inmff-mm^2imm^ 

#gM2001 -36494 
(P2001-36494A) 
(43) &m B ^msm 2 MSB (2001. 2. 9) 



(51)IntCl.' imtR^ FI f-73-h*(##) 

HO 4 J 11/00 HO 4 J 11/00 Z 5K022 



mtif* *if^ tt««<D»:7 OL (^ 9 fi) 



(2i)miH## 


^H¥ll -202932 


(71)aPA 000006013 








(22)meB 


7 ^ 16 H (1999. 7. 16) 








(72)SSifl« ^ 


















(74)'f^A 100102439 












F*'— A(##) SmZ AA12 AA22 DDOl DD13 DD19 






DD22 DD23 WdZ W03 



(54) [^Mo^w] a<t->x5^A:fea:(^aMS«:fe*r«im:5rs 



(57) [^^^1 mJE^) 

tcf^^ ^ ;t 5 ,^ m L I ^m-^ . mmmtLm 



TCM igDNW«(4flQHz) 



inn 



1 37Ema(tr-»a>\* -hlC J: V/ IBifcf «a»lH 



-1- 



:± Q O G B e O O .03 A IS Oi E 



7 

^^m^mx^-^yi^^^-rVTmmm:f^^{cx^v'-^ 

^ ^ X. ^5 ffi r^l 6 ^^-g-. Btj f B Wist fpl t:i:ib^ tt ^ 
31ft ^ 9 ill! i^g o T . 

^ te Wia^r^w t^ifdi iift ^ X. 5 ^ r^^ 

^£ L V ^ ^-g- . m^mtLm^ \^^k^^^x(Dm^^m\^^ 

x.6^r«1/i>#ffi-t-5:^^. mffSW&Btf^ltd^B^t^tecoii 
ft*'^{ci^# ^ ^ ;i V ^^ PbI t::i§ft ^ nfcT^-'- ^Sft 

^ co^ft^^t:: J: <9 ^{t L/ct-- Km-^^^ ^XmUmtL 
r cot"— #1 ^9 ^ r J: «9 S'J ^9 ^ r 6 tLfcT^'— ^ CD 

<!: ^il x.fc: r t <^ -f^M^^ 2 tcffi^coii^t 

^(Dfiji^^rfc:':/ h^^2^^-r^tf5/ hSc^^^^i:, 
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-r mile h - 1^^^- ^ ^id^-r ^ x - ie^^^i^ c!: -^m 

5 :i <i: ^mn.h^^mim. 3 i;iiE€6c?>ii{t^®o 

#^^x.^^r^;i>#ffi-r^^^. ffift£*feB^r^tc4ott^ 
ffi L V . mtzm^nwi \z.^\^^^x(r>nm^m\i^ 

[0 0 0 1] 

— ^^fij'? ^TTx--^ii1t^^T9DMT (Discrete M 
[0 0 0 2] 

/i/ilff ^tT9 AD S L (Asymmetric Digital Subscribe 
r Line) iimz^^^C HDSL (high-bit-rate Digita 

I Subscriber Line) m\t:^^. VDSL (Very-high-b 
it-rate Digital Subscriber Line) ilif g $ 
tLTv^'5o z.f\.\^my^^hnx\^^^^f^WiMM:)7^\:i. d 
MT (Discrete MultiTone) WiS.^:>o^t^^^. 
[0 0 0 3] r.Ox d s LiSft::^^^^^ u J: ^ <!: L/C 

(CO) 2 0 lyO^ibc^ I SDNei^^2 0 2 <i:. 
ADSLei^SS2 0 3 i:;65i^1'<7)S'g^«l^r*m^sf^n-C 
l^S^60S^r% I SDN{Sj^S^2 0 2^^ AD S LfSiH 

S&2 0 3(c^x.^^^y-rxo^t^^>^^Lyci5?.B.^igiT*fe 

[0 004]r:iT% I SDNB^i^ ^'rJ^m<D^Mm 

gdSDN NT 1 ) 2 0 6;^^^^f::#^. ADSLil 
mi^;^7^i^^»JtomfJi^MX*fo^ADSLm'JSIB (AT 
U-C) 2 0 5?!)5 I SDN^i2lSS2 0 2^ilLS{tLr 
50 < '5^^y>rX$:F EXT (Far-end cross ta\k) J ^ X 
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(3) 

3 

ti^xf. ADS LmiMi^^y' ^m\(ommm(DmM'^m:x* 

^^ADS Li^^lKlJi^® (ATU-R) 2 0 4 /IS I S D 
NfHi^]^2 0 2 ^il Lillet L-C< -S^^y-^X^NEX 
T (Near-end cross talk) y X<t f^^^ ^.tLfbcoy-Y 

0 2 <!rP^-r^Cl<^{C/^^ADS L^i||SS2 0 3 <!r 
'g^{Cj:i9 I SDN{Ki^Sg2 0 2^^U I SDNfsillv'X 
ISDN NT1)20 eiiZi^m^ti 

N LT) 2 0 775-f:>^/c:^^tc:{i. lSDN^^m>:^ JO 

M.mco^^mm:( i sdn nt i) 2 o e^^h^tzm 

-^t^t^j:^. ADSL^'Ji^g (ATU-C) 20 5 
DS LiiSs^illS^g (ATU-R) 2 0 47!)^mmi^X< ^ 

^j^y ^ X;5? F E X T y X<t /^-5o 

[0 0 0 5] 

^y x<o 3tbFEXTy>rxj:i9NEXTy-r X(^j^ 
S^^^;^|5:^^V^fci6. Tf#coB^(D±# V^N E X T y ^ 20 
X(D^^^^;t/^l>r'7'— ^il^^f -r ^ r t 7)5^.^ <^ 

:Z(^J; ^nCNEXTy-rXOj^SP^J^;t/^l>'C^ 

[0 0 0 6] ;^^e>^fi;i(7:)J: 9/c^PR^M^^?*t" 

^mm^rfom-^iic. i sDN^<7){tii<7)iift:;^^-.(ON 
zt^nmt-r^o 30 

[0 0 0 7] 

omm'^^'rMc^y^^x. mmmm±. mmmiL^f^p^ 
mmmtLmm {^^\-^^±.x(Dm^^m\^^x7'-^^mm 

rog^g Lf-x-^(cS-:5v^TH^^fS*^^t^P«1^^x- 
[0 00 8] :i^mmc^.^mmmm^. m'&o:>mu,mm 
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[0 0 0 91 ^^m^^m^mnmwn. fj^'^<DmtLmm 
mz,mWi(o h—>\z.7'—^^m^^x^^/\^^^\ y r 
Wi^m^^k^x,^7'—^mm^nommmm:x:^<yx. 

ffi u ^£ V ^m-^^ mmmiL^^f^ jo ^ <7)0#r«i ^ffi v ^ 

-r^grft^l^i:. wCOS{f#^{cJ: (9^itL7t7^'-^{:: 

m<^\^^xwimmiiL^m<DT'— ^ ^mit^ ^ myc^^ t ^ 
[0 0 10] ^7t. mmmm^^a. mmh—xDo 

^f—d^m^'^X^^t. Z.iDy'—^m^^X^m::.^, 

^m^'^xi^Mz^T'-^ (D\'t(Dmm:>i^kc^m^ x. 
[0 0 11] mu^'-^m^^^xmm. mmh 

[0 0 121 ^f'. Mfsmjc^^li. MtSgm^^lcict 

[0 0 13] ^^p^^U^5ilit::^^i^i. F;f:£c7)^{5:B#rp1 

^\^tj:\i^m^. m^^umi\\z.%5n^^x(Dmi\^m\^^ 

xmm ^ mmmiLmf^ kz.m(Dmmij^\zm^m^^ 

[0 0 141 

[^P>^<7:)Slte<^?F^^] ^JScoff^Si. lEIifi, :^^mK 
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5 

D S Liffi^jRiJie^g (ATU-R) 2 0 4 >^t>'A D S L ^ 
(ATU-C) 2 0 5COilft^-r-'A^COiMfH^|5/.f 

[0015] HI 1 fC:fcl/^T. 1 lt-^/\y'^yu^y ^ y^y > 
^iV h in —/u (Mux/Sync Control), 2. 3 (ii^>r ^ 
1^ ^ !J y (crc). 4. 5f^^:^^^ 

l^yyu ' Z7 7!r^— K^^ — =1 U':^^ 3 > (Scram and FE 
C). 6(i'Y>'^— y — 7. 8(j:ix— h=i>'y^— i?(R 
ate-Convertor). 9 t'-y h^iE3^^^l5:^^ti' h — 7f} 
Vi/done ordering). 1 0 fi7^'-^ia5^#^^€r 

(Cons te 1 1 at ion encoder and gain seal ling), 1 1 
Jii^^tic^'-y ^^^^I5(IDFT). 1 2fiA;^^^7 u/t-/ 
y :7 r (input Parallel/Serial Buffer), 1 

>'y<—^ (Analog Processing and DAO'Cfe^o ^fc. 

10 0 16] Ili2jl, ^MP^{c>PF>6DMT^^Ii;^^tc 
*3frt^ h#J«9 ^-C^fre* ADS Li^^^Ua^g (AT 
U-R) 2 0 4S-U^ADS L^{RiJ3^g (ATU-C) 2 

T. S:ft^^v>9) <?)tllfiJc^aHfe6^t-^b3t^fi^t|i|j^Jc|g] 

[0 0 17] [gI2{::*DV>i:. 10 1 fi^it^l^^^trr JO 
i/:/ u^y i^l^^ • A/D =i ^ (Analog Pro 

cess ing And ADC) , 1 0 2 fii? A >r ^-Y 
if (TEC) , I 0 snrnju^^^^ts^AtH^VT/U/y^ 
^u/uy<yyr. 1 0 4^±ffiSfc>^-y^^^^&p (DF 
T) , 1 0 5{i^^Si5cK^-r (FEQ) , 10 

6 3 >'rOr3 — y . y>f ^^^^ ij ^ 

( Constellation encoderand gain seal I ing ) , 1 
0 mh — >':t—iyi) V:^ (Tone ordering) , 1 0 
8 , 10 9 h ^ i^y<—^ (Rate-Convertor) .11 

0 {Iv^-Y y — (De inter leave) ,111,11 40 

(Descram and FEC) , 113, 114 ^ y :y 

y :y ^ (crc), 1 1 5 fi^yt-^ 1/ 5/ 

^J^x/v^^i^^n^- (Mux/Sync Control) T'$> 

[0 0 18] ^-r. 3t^t.^<7)®ji'^^i$£p^-r^<i:. muc 

— /^(Mux/Sync Control) 1 (cj; 19 #S^t:L, ^ y :y 
y y ^ 2. 3(c:j;i9^i9l#ti:l^=»- 
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— ^y 9T' h^^^;=r— y y V^^fL^U, ^>'^^u 

— v-g V-^iiiV^i — • ¥^ v;^^— y 1 0(cJ; 19 ^ 
>'>?;7^u->-3 >'7=-'— ^J'^itf^L, iSfr^im^'— y^^m 
^1 1 t;nTi®[^t{c:7^y m-^^feu, A;^>'^"^ u-/w/v^y 
TJ\^y<yyT 1 2 {CT^^^ U/^X^-y T/l^^^^L, D/ 

[0 0 19] ^ft^ioi^f^^U^.P>e-r^<^. [l]2{c 

*5V^Tr:^^>/>^I:3ir .y'>>'i/ • A/'D^>'/<— 1 0 
1 t'^^\t\t^■\z.^ L D — y ^ ji^^ ^;^)^tt , aXD :^ 

L, ^V^-C^'1'JU Kp^-f ^i^-Yif (TEQ) 102 

l^/'^><:y 1 0 3 LT, v- y Tyu-T"'— 

(DFT) IQ 4Xm^y-'J^^^^t\^. m^WV:^ 
^>'^:3^^if (FEQ) 1 0 5tC^ f^j^^K^^JjsEcOS 

^^^fli^ai;0^tTt?tb^o 

[0 0 2 0] -^Lr, nV^T'U— V^V^ — ^ • 

y-rv;^^— y >'i/i06jcJ:'9 ^-3 ^^r" 

— :^^^^L, h — ^y >^1 0 7T'v'y T/U-^ 

— iJ't-^^L. N=i ^J'— 1 0 8, 1 0 9T*U 

— h ra>'y<— I^^^L.^ f ^ y * y ^ V V 

y — ^\y^iy^>\ 1 1 T-F EC^T"':^:^ ^^-^V^^S 

"ylyfjV ' y Y^y — ^ l^^t^Bl^l 1 2 

y i/>'i5^>'v^^^^ .y^ 1 1 3, 1 1 4 ^tTJ'ctoT. 

>;/ ^ ><./V>^ n >- h (Mux/Sync Con 

trol) \ \ ^kcX^y'—^^n^^^o 

[0 0 2 1] ^(c, ^%m<^mm(Dwm^':i^<Dnmfm 

HI 3 fl, :z^^jte(7:>JF^^(C*5tt^ AD S Lii«^mi65 I S 
DN^i^SS<i:<7)NEXTy-YX^[Hlj@LrT'9 (D S : 
Down Stream) cOt^'— ^ ^AD S L^^iJ^g 2 0 5 75^ib 
ADSLiiSg^^g2 0 4-->gil|-t-Si^^tOl:r5/ ^ 

x^^-v.fzm.mmx^^. m'^^^-i^^^x^ tetoiiji:^ 
^, t^Els-eti I SDNiHt;^^--^^<^#x.6^ 

rBltiNEXT|S:rBl>&t/FEXT|Sr^c:05v'>'7KyUg<D^ 
rnfi. I SDNei^lv-^^^^^RiJcT^^iliJ 
i^g(ISDN LT) 2 0 7;6U SDNfHitv-^^^A 
miJ<^^^miJ^g ( I S D N NTl) 20Q:^^h(Om^ 
^Sff LTl^6^r^l75^ (b) tC^-TF EXTlSr«1C0 5 
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1 . Introduction 

10 Recently there have been made advances in studying 

aspects such as transmission efficiency and functional 
flexibility of the OFDM (Orthogonal Frequency Division 
Multiplexing) system which is a Multi-Carrier modulation 
system in wireless and wire communications, and this system 

15 is now brought into practical use in many technical fields 
such as digital transmission and ADSL. On the other hand, 
with continuous increase of spectral capacity, further 
improvement of the transmission efficiency has been explored , 
Aiming more increased spectral capacity in the OFDM 

20 modulating system, we propose the HS-MCM (Half Symbol 
Multi-Carrier Modulation) which makes a temporal OFDM 
modulation symbol length shorten to be that of half symbol 
size without changing the number of information bits 
contained in OFDM. It has been described in the paper that 

25 when the OFDM symbol length is shorten by half, the 
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orthogonality between subcarriers can not be maintained, 
which causes interference between the subcarriers, however, 
from considering the regularities of respective first half 
and last half of symbols in both of even subcarriers and 
5 odd subcarriers, it is found possible to per form demodulation 
by using a method for demodulating the even subcarriers and 
the odd subcarriers separately. Further it says in this 
paper that a coding method, which satisfies a condition that 
the interference does not occur between the even subcarriers 

10 and the odd subcarriers, is achieved by use of Walsh-Hadamard 
coding, A Multi-Carrier Modulation system by this 
Walsh-Hadamard coding (a code used in Walsh-Hadamard coding 
is hereinafter referred to as a WH code) is a basic modulation 
system of recently topical Multi-Carrier CDMA (hereinafter 

15 referred to as MC-CDMA) . This paper presents consideration 
results and simulation results of the 

modulation/demodulation method for shortening by half a 
MC-CDMA symbol length. 

20 2 , OFDM Modulator Configuration 

In an OFDM modulator, a combined wave of a plurality of 
subcarriers becomes an OFDM modulated wave, as described 
below. This OFDM modulated wave is expressed in the 
following equation : 

25 
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5(0 = Re 



(1) 



.n=0 



where Re[*] denotes a real part, and dn = Rn +jln 
0 ^ t ^ Tsi, T: OFDM symbol duration 
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Here fo represents a carrier distance between two adjacent 
subcarriers, and nfo represents the n^^ subcarrier. In 
addition, if u(t) is an OFDM complex equivalent low-pass 
signal, it is expressed as follows: 



15 



where sampling of u(t) is performed every l/(Nfo), 



j3 «rn/Qfc 



n = 0 

= E [e-rr\ (3) 



20 3. Characteristics of even/odd subcarriers 
3.1 Characteristics of even subcarriers 

When n in the equation (3) is n= 2i (i = 0, 1, 2, N/2-1), 

thereby expressing only the case of even subcarriers 2i, 
an equation expressing a OFDM modulated wave of the even 
25 subcarriers is given as follows: 
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nk 



and, where 



5 





a 



= 0.1 



b = 



u 




n=2> = 0 



2.(f a + 6) 



10 This equation is modified as the following equation. 



The equation (5) indicates that the first half and the last 
half of OFDM symbols have same waveforms, 

20 

3.2 Characteristics of an even subcarrier 
The case of only odd subcarriers of n = 21 + 1 (1 = 0, 1, 
N/2-1), is also expressed in the same manner. 



N 



15 




(5) 
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- L. ^(2/+ 1) e^AT ) (6) 



5 And, where 
N 

k^-a-^b a = 0, 1 6 - 0, 1, H - 1 

2 



n = 2/+l = l 

10 This equation is modified as follows 

( a = 0. Y: d,2,+ .)M'<;'+'>'' (first half ) 



(6) 



n=2f+ 1 = 1 

a = l, - ^* d,2,+ ,)M^'^''+'>'' (last half) 

The equation (7) shows that the first half and the last half 
of OFDM symbols both have inverted waveforms. 



20 Fig. 1; HS-MCM symbol configuration 
©Subcarrier #1 
(Dsubcarrier #2 
(3)Subcarrier #3 
®Subcarrier #4 

25 ©Waveform of combined wave of #1, #2, #3 and #4 (OFDM wave) 
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©Conventional OFDM symbol length 
©Proposed HS-MCM symbol length 

4, Analysis of Half Symbol 
5 The case of extracting only first half in the equations (5) 
and (7) is expressed in the following equation. 



Although this first half contains information on both of 
even subcarriers and odd subcarriers, it is difficult to 
separate the first half of the even subcarriers from that 
15 of the odd subcarriers without the information of the last 
half. Then, first of all, a signal component of even 
subcarriers is extracted. When an odd-carriers component 
of dn is 0, the same equation as the equation is given below. 




u 




E first half : a=0) 



10 



(8) 
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N/1-\ 



^^iinz) = E d^.W^^'" (first half) 
'■ = 0.1 f'-i b = o.i 



(9) 
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Where u(t) is subjected to demodulation using FFT of 



6 



J.. O O B O LSiO S .,.03 :'l SO 2 



10 



N/2 inputs, 

Ar/2-i 

6=0 
N/2- I N/2-1 

= E E ^2.1^^'"^-;* 

b=0 1=0 
N/2-.1 N/2-1 

= E E ^^.i^/^i^n" 

b=0 1=0 
N/2-1 N/2-1 

= 771 E ^^2. E "V* (10) 

1=0 b=0 

A- =0,l....,(.V/2) 1 
Here, the following relationship is established. 



N/2-l ^ . 

= / A72(i^A- = 0.±;Y/2,±2AV2.-.-) (H) 

tri ""^^ I 0( except that) 

The relationship of the equation (11) is applied to the 
equation (10), which can be defined as follows. 



15 y(2A-) = ( < - 1) . 

omission (another k) ^ ^ 



Next, a signal component of odd subcarriers is extracted. 
20 When an even-carriers component of dn is 0, the same equation 
as the equation is given below. 



25 
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N/2-1 

•■■"(n7j) = E c^2/+iH^jl''^'^' (first half : a=0) 

N 

/ =0.1,...,y - 1 6 = 0,1 .y-l 



5 Where u(t) is subjected to demodulation using FFT of 

N/2 inputs, 

6=0 
N/2^l JV/2-l 

10 ^///2 

= 77^ E E 

6=sO /=0 



Ar/2-i 
= 7772X^*^2 



JV/2 °2'+l 
X5 NI2^\ Ar/2-l 



+ Jiv7I E E cf,Hism(2;rii±i0^) (13) 

Here y' (2k) : interference component of odd subcarriers 

Accordingly, even wave data z(2k) subjected to Half Symbol 
20 demonstration is: 

z(2A:) = y(2^-)+y'(2^i 

/Sf/2-l 

= ^2A: + 7772 E ^21+1 
1 = 0 

N/2-.1 ///2-1 . 

25 It is assumed that the modulated wave is subjected to BPSK 
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with a signal space diagram as expressed below: 
Code:0 1 
Signal : 1 -1 

5 When this BPSK is used, only determination of a real part 
is carried out in the equation (14), and therefore Z(2k) 
is defined as follows: 



^(2/:) = Re[t/(2/:) + y'(2^-)] 

= R2k + 7372 ^21+ I 

10 1=^0 

6=0 1 = 0 ^ ^ 

= -Rafc + 7772 J2 ^21+1 (15) 



Here = -k- jhk 

15 And Jjfc = /?2*: (where BPSK is used) 

Accordingly, in the case of BPSK, the interference component 
with the data of the even subcarriers is a value obtained 
by multiplying by 1/N data of respective odd subcarriers 

20 and summing respective modulated signals of the data for 
all odd subcarriers, of which data. Therefore, where the 
modulated data to HS-MCM is subjected to scrambling, signals 
allocated to the odd subcarriers can have the almost same 
number of Is and -Is, which reveals the characteristics that 

25 the sum of all the odd subcarriers is near to 0, Then for 
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a sufficiently larger number of subcarriers, the followings 
can be approximated using the equation (15) as follows: 

NJ2-1 

5 ^ R2k (16) 

In brief, it shows that in the case of HS-MCM using modulation 
by BPSK, it is possible to perform the demodulating of even 
subcarriers as expressed in the equation (16). 

10 

5- Half Symbol MCM Demodulating Method 

Utilizing the feature of HS-MCM analyzed in the previous 
chapter, we now describe a method for demodulating even 
subcarriers and odd subcarriers separately. Fig. 2 

15 illustrates a receiving circuit. Half symbol signals of 
received N/2 samples (first half) are padded with N/2 of 
Os for all last half symbols. This data padded with Os are 
demodulated by FFT of N inputs , According to this operation, 
in the case of using a one-dimensional modulation system 

20 in which only a real part is used as in BPSK, the result 
is expressed by the following equation (17). 
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N/2-1 

Z(2k) z=z ^R2k + J2 ^2/+i (even subcarriers) 

N/2-l 

= 2^2*+i -f 7^ H (odd subcarriers) 

«=0 



5 Further, this operation is for example expressed with a 
matrix of 4 inputs as follows: 



10 



15 



Z{0) ■ 












Z{1) 


_ 1 




w-^ 






Z{2) 


~ 2 




w-^ 






Z(3) 
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1 -k 




1 + 
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1 + M'V 
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do 

d2 
d3 



(18) 



0 



Where only a component of real part is to be demodulated 
as in BPSK, 

20 



" Z(0) ' 
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Z(l) 
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0 






Z(2) 
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d2 


Z(3) 
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These equations (17) and (19) show that a value obtained 
25 by multiplexing by 2/N a sum of the amplitude for all the 

1 1 
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even subcarriers also appears as an interference component 
with the odd subcarriers. From this operation it is seen 
that the interference component is not generated for even 
subcarriers in the case that a sum of all odd subcarriers 
5 is 0 and for odd subcarriers in the case that a sum of all 
even subcarriers is 0, thereby making it possible to 
demodulate the even subcarriers and the odd subcarriers 
separately . 

10 Fig. 2: Receiving circuit configuration of HS-MCM 
. ® Transmission Data, 

(2) N value complex FFT, 

© Reception of first-half symbols, 

® transmission channel, 
15 (D Reception symbols, 

® Reception of first-half symbol, 

(7) Padding of last-half symbols all with Os, 

® N value complex FFT, 

(§) determination section of even carriers, 
20 @ determination section of odd carriers, 
® reconstruction, output data 
© data output 

6. Development to MC-CDMA by WH cording 
25 By the operation expressed in the equation (18) , it is found 
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that transmission/reception can be carried out in all 
subcarriers without interference under the condition that 
a sum of even subcarriers' amplitude and that of odd 
subcarriers' amplitude become 0 respectively. In order to 
5 ensure this function, it is required to perform a coding 
that satisfies the condition that each sum of amplitude of 
even subcarriers and odd subcarriers becomes 0. 

To answer it, we propose Walsh-Hadamard (WH) coding, A WH 
10 sequence is given below. 
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Hi = 



Ci 



(19) 



The above equation represents a matrix in which Hk-i is a 
complement of '^Hk-i and each element is inverted (1 -1, 
-1 — >1) . A specific example is given below. 
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L ^1 hT 



1 
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1 




Ci 
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-1 
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-1 




C2 
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-I 


-1 




C3 


1 


-1 


-1 


1 




C4 



(20) 



The method in which this WH sequence is arranged in each 
subcarrier of the Multi-Carrier system is generally adopted 
25 as a technique in MC-CDMA. 
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In these sequences, a sum of elements of each sequence 
of line ci, C2/ C3, C4 is expressed below. 
4 4 

«=i 1=1 
4 4 

E^3(0 =0 X^C4(,) =0 

5 «=i ' >=i 

From this result, it is found that respective sums 
of the elements result in 0 except for Ci . Accordingly, 
by using the WH sequences of other than Ci to perform MC-CDMA 
modulation on respective groups of even subcarriers and odd 
10 subcarriers, the condition is satisfied that each sum of 
amplitude of the even subcarriers and the odd subcarriers 
becomes 0. Here, a data sequence is defined as u=[ui, .... , 
Uk]^. Besides, WH sequences of other than Ci are expressed 
below . 

15 

^ = [ C2 C3 . . ■ C/C + l ] 

Spreading processing by the WH sequence is carried out as 
follow. 

A' 

This sequence S = [Si S2 ... Sk] generated for each of 
even-subcarriers group and every odd-subcarrier s group is 
given to a real part of each subcarrier, subjected to 
one-dimensional modulation and then to Multi-Carrier 
25 modulation by IFFT, and only first-half symbols of the 
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10 



15 



20 



resultant is transmitted. In demodulation, after HS-MCM 
demodulation as described in chapter 5, decoding of WH codes 
is carried out for even-subcarriers group and 
odd-subcarriers group individually to reconstruct the data. 
This system is referred to as Half Symbol MC-CDMA 
(hereinafter, HS-MC-CDMA for short) . 

These are realized in a circuit block diagram as shown in 
Fig. 3. 

Fig. 3: Receiving circuit configuration of HS-MC-CDMA 
(T) Transmission Data, 
(D Division, 

® WH cording of even subcarriers, 

(4) WH cording of odd subcarriers, 

(D N value complex FFT, 

© Reception of first-half symbols, 

(7) transmission channel, 

® Reception symbols, 

(D Reception of first-half symbols. 



® 



Padding of last-half s 



ymbols all with Os, 



® 



N value complex FFT, 



determination section 



of even carriers, 



determination section 



of odd carriers, 



® 



WH decoding. 
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© reconstruction, 
© output data 

7 . Simulation Result 
5 In table 1 is described simulation parameters, and Fig. 3 
shows simulation results of CNR (Carrier to Noise Ratio) 
vs. Bit Error Rate characteristics in the HS-MCM system and 
HS~MC-CDMA system with BPSK used for modulating. 

10 Further, theoretical value results in the cases of using 
BPSK or QPSK in a conventional OFDM are also given for 
comparison. Theoretical values of Error rate Pe of BPSK 
and QPSK are expressed using the following equation. 

'^^ = ^errcVCNR (BPSK) 

Pe= ^erfcy^(QP5A') 
C'.V/? : (Carrier to Noise Ratio) 

From the simulation results, it is found that HS-MCM in which 
20 relatively simple BPSK modulation is performed has almost 
the same bit error rates as QPSK in OFDM modulation. The 
HS-MCM system in which BPSK modulation of 1/2 symbol length 
is carried out, is the same in transmission rate as OFDM 
system of full symbols length. Therefore, under the same 
25 conditions of transmission rate, being applied to HC-MCA 
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demodulating method as described in chapter 5, the HS-MCM 
system and the OFDM system have equal values of BER vs . CNR. 
On the other hand, form the HS-MC-CDMA demodulating method 
as described in chapter 6, it is found that CNR is better 
5 in BER of 10"^ by near IdB. 

Table 1: Simulation parameter 



The number of subcarriers 


1024 


FFT size 


1024 complex FFT 


Modulation system 


BPSK 


Transmitted data 


binary random data 



Fig, 4 : Error Rate characteristics of HS-MCM and HS-MC-CDMA 

10 

8 . Summaries 

Aiming the much larger communication capacity in the OFDM 
modulating system, we have already proposed in the paper 
the HS-MCM method which makes a temporal OFDM modulation 

15 symbol length shorten to be that of Half symbol size. In 
the present paper, we further propose HS-MC-CDMA in which 
even-subcarriers group and odd-subcarriers group are 
separately subjected to WH coding, and a sum of amplitude 
of each subcarriers group becomes 0, thereby preventing 

20 interference between the even-subcarriers group and 
odd-subcarriers group from occurring and, improving error 
rate characteristics . In addition, by simulating the error 
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rate characteristics, it is verified that according to the 
HS-MCM system CNR is better in BER of 10'^ by near IdB. 



From now on, we carry on studies on cases of using modulation, 
coding modulation, error detection, error correction and 
the like. 



1 8 



